Hypoxia-inducible factor 1α (Hif1α) is a key regulator of cellular adaptation and survival under hypoxic conditions. In pancreatic ductal adenocarcinoma (PDAC), it has been recently shown that genetic ablation of Hif1α accelerates tumour development by promoting tumour-supportive inflammation in mice, questioning its role as the key downstream target of many oncogenic signals of PDAC. Likely, Hif1α has a context-dependent role in pancreatic tumorigenesis. To further analyse this, murine PDAC cell lines with reduced Hif1α expression were generated using shRNA transfection. Cells were transplanted into wild-type mice through orthotopic or portal vein injection in order to test the in vivo function of Hif1α in two major tumour-associated biological scenarios: primary tumour growth and remote colonization/metastasis. Although Hif1α protects PDAC cells from stress-induced cell deaths in both scenarios-in line with the general function Hif1α-its depletion leads to different oncogenic consequences. Hif1α depletion results in rapid tumour growth with marked hypoxia-induced cell death, which potentially leads to a persistent tumour-sustaining inflammatory response. However, it simultaneously reduces tumour colonization and hepatic metastases by increasing the susceptibility to anoikis induced by anchorage-independent conditions. Taken together, the role of Hif1α in pancreatic tumorigenesis is context-dependent. Clinical trials of Hif1α inhibitors need to take this into account, targeting the appropriate scenario, for example palliative vs adjuvant therapy.
INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is a devastating cancer entity characterized by tissue hypoxia. 1, 2 Activated by hypoxia, hypoxia-inducible factor 1α (Hif1α) is a key downstream effector, which is involved in a variety of cellular processes mediating a number of adaptive changes. These adaptive changes are meant to alleviate cellular stress induced by hypoxic conditions and to promote cell survival under physiological circumstances. 3, 4 However, these responses are frequently used by PDAC cells to enhance the malignant potential such as chemoresistance or metastatic invasion. 5, 6 Indeed, high expression of Hif1α is a negative predictor of PDAC patient's overall survival. 7 Besides, under normoxic conditions, Hif1α acts as the key downstream target of a number of putative oncogenic pathways of PDAC for example mTOR (mechanistic target of rapamycin). Hyperactivated mTOR signalling is able to stabilize Hif1α in the absence of hypoxia and promotes tumour angiogenesis. 8 Collectively, these data argue for an oncogenic role of Hif1α in pancreatic tumorigenesis.
Recently, this notion has been challenged by a provocative study showing that genetic ablation of Hif1α significantly accelerated PDAC development in mice by promoting B lymphocyte-mediated tumour-supportive inflammation. 9 The crucial crosstalk with the immune system points to a complex function of Hif1α in pancreatic tumorigenesis. Thus, we hypothesised that Hif1α might have a context-dependent role in PDAC. To test this, we generated murine PDAC cell lines with reduced Hif1α expression from previously established cell lines. 10 The in vivo function of Hif1α was tested in two major tumourassociated biological scenarios: primary tumour growth and remote colonization/metastatic growth.
RESULTS AND DISCUSSION
Previously, we characterized a number of murine PDAC cell lines from p48
Cre ; Kras G12D/+ ; Tsc1 flox/+ mice. 1, 10 Among these, 399 cells characterized by hyperactivated Mek/Erk/mTOR signalling reliably develop tumours in wild-type mice (C57BL/6J) upon orthotopic or portal vein injection, and were therefore chosen for this study. We stably transfected 399 cells with scramble control (shControl) or Hif1α-specific shRNA-expressing plasmids (shHif1α). Western blot analysis confirmed an approximate 90% reduction in Hif1α expression in shHif1α cells compared with shControl cells (Figure 1a ). In comparison with the control cells, shHif1α cells showed a significant reduction in glucose uptake (quantified by intracellular DG6P level: 50% reduction, P = 0.0005) (Figure 1b) , intercellular glutamate level (57% decrease, P = 0.0481, Figure 1c ) and lactate secretion (34% reduction, P o0.0001, Figure 1d ), which is in line with the influence of Hif1α on tumour metabolism. Secretion of Vegfa (vascular endothelial growth factor A)-a downstream target of Hif1α-was also decreased in shHif1α cells (ELISA, 67% reduction, P = 0.0046 Figure 1e ). Downregulation of Hif1α had no effect on cell proliferation in vitro under anchoragedependent conditions in the colony formation assay (Figure 1f) .
To test the influence of Hif1α depletion on primary tumour growth, we performed orthotopic injections using control and shHif1α cells. Interestingly, the shHif1α cells gave rise to significantly larger tumours compared with control cells (Figure 2a , 11.8-fold increase, P = 0.0079). Histological analyse revealed that the tumours derived from shHif1α cells were more necrotic (Figure 2b) . Indeed, the quantitative analyse confirmed that the necrotic region (boundary labelled by cleaved-caspase 3) was more pronounced in shHif1α cells-derived tumours (Figure 2c , 33.8-fold increase, P o 0.0001). In line, shHif1α cells were more vulnerable to hypoxia-induced cell death in vitro (Figure 2d , 7.8-fold increase, P = 0.0297). Since the shHif1α cells-derived tumours were larger even after excluding necrotic areas ( Figure 2c , shCon vs shHif1α: 0.3 ± 0.16 vs 0.7 ± 0.08 cm 2 , P = 0.0081), we hypothesized that the outgrowth of shHif1α tumours was due to elevated proliferation. Indeed, the quantitative analysis revealed that the proliferation index in viable tumour regions was significantly higher in shHif1α tumours compared with control tumours (1.6-fold change, P = 0.0006) (Figure 2e ).
Since tumour-associated inflammation has been proven to affect tumour proliferation under certain conditions, 11 we hypothesized that the outgrowth of shHif1α tumours resulted in necrosis that triggered an increased inflammatory response, which further supported rapid tumour growth. To test this, we measured the serum level of a number of inflammatory markers including serum amyloid A (SAA), Il6 (interleukin 6) and TNFα (tumour necrosis factor α). SAA levels in the serum of shHif1α cells-transplanted animals were significantly higher than controls (262.0 ± 12.01 vs 199.8 ± 1.92 μg/ml, P = 0.0083) (Figure 3a To test the function of Hif1α in tumour colonization/metastasis, we inoculated shControl and shHif1α cells into the portal vein. Here, shHif1α cells developed significantly less hepatic metastasis than control cells (Figure 4a ). The percentage of the area of metastasis in the liver (including median, left, right and caudate lobe) of shHif1α cells-injected animals was 13.3-fold lower (P o 0.0001) than that of control cells (Figure 4b ). These data show that the ability of tumour colonization was dramatically decreased after Hif1α knock-down. Since being able to survive under anchorage-independent conditions is an initial step of tumour colonization, we performed an anoikis assay to test this. In line, the viability of shHif1α cells under anchorage-independent conditions was significantly reduced in comparison with control cells (Figure 4c , 43% reduction in viability, P o 0.0001). In accordance with above described data, PDAC cells became more susceptible to anchorage-independent induced cell deaths after Hif1α knock-down (Figure 4d, 14 .0 fold change, P = 0.0093).
In summary, we tested the in vivo function of Hif1α in two major tumour-associated biological scenarios: primary tumour growth and remote colonization. Notably, although Hif1α depletion generally renders PDAC cells more susceptible to stress-induced (that is, hypoxia or loss of cell/ECM contact) cell deaths, which is in line with the general function Hif1α, it leads to different oncogenic The role of Hif1α in pancreatic ductal adenocarcinoma T Cheng et al different mouse models (xenograft vs genetic models). The used xenograft model lacks the co-evolution of PDAC cells and the immune system. In the genetic model, Hif1α is concomitantly inactivated in the endocrine cells (for example, β cells), which is known to cause insulin resistance, 12 which may influene the subsequent immune response. Despite these limitations, two studies led to the similar conclusion that Hif1α is crucial for tumour growth and in modulating the immunogenic reactions towards PDAC.
Considering this context-dependent role Hif1α in pancreatic tumorigenesis, clinical trials of Hif1α inhibitors (for example, PX-478) in PDAC need to be carried out with caution. 13, 14 Based on the evident crosstalk between Hif1α and the immune system, Hif1α inhibitors could be tested in combination with various immune therapies in PDAC (for example, PD-1 inhibitors 15 ). On the other hand, since Hif1α dramatically affects the capacity of PDAC in tumour colonization/metastasis, Hif1α inhibitors might be effective in targeting circulating cancer cells. In this regard, both genetic and xenograft models are useful in testing the effectiveness of such therapies. The data were a result of three independent experiment. An unpaired t-test was used for determining statistical significance. *P o0.05. See Supplementary Materials and Methods.
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